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, , T he dissimilarities of different regions of skin are truly profound and are necessarily· re­flected in the density and diversity of the organisms which inhabit them. The axilla is a tropical rain forest with its ample sup­
plies of sweat and hair; the perineum a veritable swamp draining 
the cesspool of the anus. A deep, dank humid cave like the external 
ear canal is a sanctuary for bacterial growth. The scalp is a thick 
woods seeping with sebum. There are the oily tundras of the 
face, the comparative deserts of the trunk and the moist recesses 
of the intertriginous regions. "[1] 
The cutaneous microAora consists of a limited number of aero­
bic and anaerobic bacterial species. As such it stands in contrast 
to the highly complex flora found in other body areas such as the 
gastrointestinal tract, the oral cavity, and the vagina. Significant 
variations in both the total number of bacteria and the compo­
sition of the bacterial flora exist for different body regions. These 
variations reflect differences in the amount of water and nutrients 
available to support bacterial growth [2]. Eccrine sweat glands, 
which provide water, electrolytes, and minerals; apocrine sweat 
glands, which secrete a substance rich in protein and lipid; se­
baceous glands, which produce a mixture of lipids, all contribute 
to the ecology of the skin. The outermost regions of the skin, 
the stratum corneum, is a compartment that is constantly being 
shed and provides a rich source of amino acids necessary for 
bacterial growth. Sweat glands deliver water to the surface and 
provide the critical moisture required for bacterial proliferation. 
[n addition, sweat contains amino acids, and minerals such as 
copper, iron, magnesium, zinc, and calcium, which are important 
for bacterial growth and metabolism as well as toxin production 
by pathogenic bacteria. The presence of large amounts of water, 
a rich supply of proteins, lipid, arid minerals, coupled with anat­
omy that produces semioccluded environments in some body 
areas and minimize evaporation of water results in an ideal eco­
system for bacterial growth. [n areas of partial occlusion due to 
body surface-to-surface contact, such as the axilla, perineum, and 
toe web space, increase in CO2 tension may also be an important 
factor promoting growth of bacteria [3]. The total number of 
aerobic bacteria found in human skin varies from 1()2 cells/cm2 
to 107 cells/cm2 in wet areas such as the axilla and toe web space 
[2,4]. Anaerobic bacteria are found at levels of 104-106/cm2 in 
areas rich in sebaceous glands, and are absent or nearly so in other 
body areas. The cutaneous flora consists of aerobic cocci of the 
Reprint requests to: James J. Leyden, M.D., Department of Derma­
tology, University of Pennsylvania School of Medicine, Med. Ed. Bldg., 
rm D-230, 36th & Hamilton Walk, Philadelphia, Pennsylvania 19104. 
Abbreviations: 
G + C%: moles percent guanine + cytosine 
m-DAP: meso-diaminopimelic acid 
micrococcaceae family, aerobic diphtheroids of the genera Cor­
ynebacterium and Brevibacterium, the anaerobic diphtheroids Pro­
pionibacterium acnes, P granulosum, and P avidum, and yeasts from 
the genus Pityrosporum. These organisms are viewed as true res­
idents as opposed to transients in that they are found on the vast 
majority of people in sufficient numbers to indicate that prolif­
eration is occurring. The skin surface is transiently visited by 
many organisms through environmental contamination. 
AEROBIC COCCI-CLASSIFICATION OF THE 
MICROCOCCACEAE OF HUMAN SKIN 
Aerobically growing bacteria that formed clusters attracted early 
attention as cutaneous inhabitants. The term staphylococcus was 
introduced more than 100 years ago to describe the cocci isolated 
from abscesses in humans, while the term micrococcus was in­
troduced earlier for those cocci with similar morphology [5,6]. 
The taxonomy of these organisms has been fraught with con­
fusion and controversy. Medical microbiologists have attempted 
to identify pathogenic members of this group of organisms, while 
taxonomists have been more concerned with fitting these orga­
nisms into a hierarchical order of classification. 
Early classification of staphylococci was based on two major 
criteria, namely pigment formation and pathogenicity in guinea 
pigs [7]. From this classification came Staphylococcus pyogenes, 
which produced yellow, orange, or white pigment and was highly 
pathogenic in the guinea pig, and S epidermidis, which was white 
and nonpathogenic. In 1903 and 1908, S pyogenes aureus was shown 
to be capable of coagulating plasma [8,9]. In 1951 Staphylococcus 
saprophyticus was the proposed name for coagulase-negative strains, 
and Micrococcus was regarded by some as an invalid generic name 
[10]. In the mid-50s, there was renewed interest in the classifi­
cation of staphylococci, and the demonstration that some genera 
could be distinguished by the ability to grow anaerobically and 
to produce acid from glucose formed the basis of separating staph­
ylococci from micrococci [11]. Baird-Parker was the first to rec­
ognize heterogeneity among the coagulase-negative cocci, then 
referred to as S epidermidis [12,13]. He divided all staphylococci 
into six subgroups, of which group I contained S aureus, and 
referred to subgroups II through VI as S epidermidis biotypes 1 
through 5. The subsequent application of DNA base composition 
analysis, usually expressed as mole-percent guanine plus cytosine, 
(G + C%), showed that S au reus and S epidermidis had a low 
(31-40%) G + C% while strains of micrococci (which are unable 
to grow anaerobically, and produce acid from glucose) had a high 
(64-74%) G + C% [14]. Others reproduced this and found a 
good correlation between the G + C% with the ability to grow 
anaerobically and produce acid from glucose, and the rationale 
for separating staphylococci and micrococci was fortified. 
The isolation of lysostaphin provided another method for sep­
arating staphylococci from micrococci. S aureus and S epidermidis 
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are very susceptible to lysis, while micrococci are not [15,16]. 
Lysostaphin susceptibility and DNA base composition are closely 
correlated [17,18]. Lysostaphin is an endopeptidase that splits 
glycyl-glycine linkages in cross-linkages of the cell wall peptid­
oglycan. Covalently linked to the peptidoglycan of staphylococci 
are teichoic acids. These water-soluble polymers make up 30-50% 
of the dry weight of the cell wall and contain either glycerol or 
ribitol joined through phosphodiester bonds. Generally, Sal/reus 
contains a ribitol teichoic acid with N-acetylglucosamine residues, 
and S epidermidis contains a glycerol teichoic acid with glucosyl 
residues [19]. Micrococci contain no teichoic acids, or in a few 
cases contain teichoic acids that are chemically and serologically 
distinct from those in staphylococci [20,21]. All of these findings 
support the current view that staphylococci and micrococci should 
be classified as separate genera. 
Baird-Parker proposed a revised and less complex scheme for 
identification of the staphylococci and micrococci [22] (Table I). 
In 1975, Schleifer and Kloos published a series of papers redefining 
S epidermidis and S saprophyticus [23-25]. Of the four biotypes of 
S epidermidis and the four of S saprophyticus, only biotype 1 was 
named S epidermidis and biotype 3 named S saprophyticus. Many 
new species were recognized on the basis of extensive morpho­
logic, physiologic, and biochemical characters. S epidermidis group 
was classified as S epidermidis, S capitis, S wameri, and S hominis, 
while the S saprophyticus group was classified as S saprophyticus, 
S xylosus, and S co/mii. 
Using the new classification, S epidermidis and S aureus are the 
most frequently isolated organisms from the anterior nares, while 
S epidermidis and S hominis are the most frequently isolated staph­
ylococci from the axillae, head, legs, and arms [26]. 
Aerobic Coryneforms The aerobic coryneforms are a major 
component of the normal skin flora; however, these bacteria pres­
ent a number of unresolved problems in taxonomy and classifi­
cation. Aerobic coryneforms, known in the medical literature as 
diphtheroids, show little if any resemblance to the pathogen Cor­
ynebacterium diphtheriae except for morphology [27]. Members of 
the genus Corynebacterium are gram-positive, pleomorphic rods, 
characterized by the presence of meso-diaminopimelic acid (m­
DAP) as the diaminoacid of the peptidoglycan, and by the pres­
ence of arabinose, galactose, and often mannose in the cell wall 
polysaccharide. Specifically the presence of corynemycolic acids 
(C2U-C3S) in the cell walls of Corynebacterium subspecies provide a 
taxonomic tool for separation of these organisms from members 
of the genus Brevibacterium. The brevibacteria typically posess a 
cell wall with m-DAP with galactose (Table II). It has been re­
ported that brevi bacteria from human skin and from dairy prod­
ucts are similar to the type strain B linens [29]. Much weight was 
assigned to the ability to produce methane-thiol (CH3SH) from 
L-methionine by both skin and dairy isolates [30]. However, Col­
lins et al [31] demonstrated that skin and dairy isolates form two 
distinct DNA homology groups, both of which show little re­
latedness to the type species B linens. They propose the classifi-
Table I. Taxonomy of Aerobic Cocci 
Characteristic 
DNA G+C% 
Cell Wall: 
Glycine crosslink 
Teichoic acids 
Anaerobic: 
Glucose fermentation 
Lysostaphin susceptibility 
Erythromycin-sensitive 
(0. 4 mg/ml) 
SOllree: Baird-Parker [22]. 
Staphylococcus 
30-40 
+ 
+ 
+ 
+ 
Micrococcus 
66-75 
+ 
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Table II. Cell Wall Composition in the Taxonomy of 
Cutaneous Aerobic Diphtheroids 
Component 
m-DAP 
Arabinose 
Galactose 
Mycolic acids 
Fatty acids (major type) 
Teichoic acids 
Sotlree: Bousfield et .1 [28J. 
Brevibacterium 
+ 
+ 
Branched 
+ 
Corynebacterium 
+ 
+ 
+ 
Straight 
cation of skin isolates as B epidermidis, species novum, distinct 
from the dairy isolates B casei, species novum. 
Aerobic diphtheroids have also been subdivided into lipophilic 
and nonlipophilic strains [32]. Lipophilic diphtheroids are most 
plentiful in moist body regions such as the axillae, perineum, toe 
web space, and are abundant in areas of less body occlusion but 
rich in eccrine sweat glands, such as the scalp and nares. The 
density of these organisms varies from thousands per square cen­
timeter on the extremities to millions per square centimeter in 
perineum and toe web space [2-4]. These organisms have a strict 
nutritional requirement for lipid and cannot proliferate in its ab­
sence [33]. Analysis of cell wall mycolic and fatty acids indicate 
that these lipophilic diphtheroids are similar to well defined spe­
cies of Corynebacterium [33]. However, it has been shown that 
lipophilic diphtheroids are distinct from the classical group of 
coryneforms, as they exhibit a strict nutrional requirement for 
lipid not shared by C minutissimum or C xerosis and differ from 
strains of C bovis and C xerosis in their cell wall fatty acid and 
mycolic acid composition. The species of Corynebacterium lipo­
philicus has been proposed for the aerobic lipophilic diphtheroid 
found on human skin [33]. 
Anaerobic Coryneforms The anaerobic gram-positive diph­
theroids that live on human skin have, until recent years, been 
the subject of great confusion. In 1966, Prevot and Fredette listed 
a total of 12 anaerobic coryneforms [34]. In 1972, Johnson and 
Cummins used cell wall analysis, DNA base compositions, and 
DNA homology determinations to study the group of anaerobic 
coryneforms [35]. They found that all strains fell into the genus 
Propionibacterium and comprised three different species: P acnes, P 
avidum, and P granulosum. P awes and P avidum were divided into 
two subgroups on the basis of cell wall sugar content. These 
subspecies were later shown to be detectable with appropriate 
antisera, and are referred to at present as serotypes I and II in 
each species [36]. Later work demonstrated that the three species 
proposed by Johnson and Cummins could be differentiated on 
the basis of conventional biochemical tests [37,38]. They also 
found that P awes serotype I strains could be presumptively iden­
tified on the basis of sorbitol fermentation. Since a proportion of 
group I strains fail to ferment sorbitol, a negative test does 
not indicate a group II strain. The differences in serotype and 
species are also reflected in the electrophoretic mobility of malate 
dehydrogenase and, in P awes, in bacteriophage susceptibility 
[39,40] (Table III). Of interest is that most strains labelled Cor­
ynebacterium parvum, which have been used as immunostimulants 
in animals and humans are P awes [41]. 
Pityrosporum The only yeast genus found in significant num­
bers on humans is Pityrosporum. The three morphologic types 
found on the skin, oval, round, and hyphal, gave rise to the 
delineation of three separate species: Pit ovale, Pit orbiculare, and 
Malassezia filljur. Recent work has demonstrated that these three 
forms are actually morphologic variants of the same species [42]. 
They are antigenically similar [43,44], have similar nutritional 
requirements, and are interconvertible [45,46]. 
Anaerobic Cocci The presence of anaerobic staphylococcus 
has also been demonstrated on the skin [47]. Peptococcus sacchar-
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Table m. Biochemical Reactivities and Cell Wall Composition of Propionibacteria 
Biochemical Reactions Cell Wall Composition 
Species Ind Nit Cat Gel Sor B-haem LMA G+C% Dap Gal Glu Man 
P ames 
I + + + + V + 57-60 LL + + + 
II + + + + + LL mm + + 
P avidum 
I + + + ++ 62-63 LL + + + 
II + + + ++ LL or m + + 
P granulosum + 62-64 LL + V + 
Ind = indo�e, Nit = nitrate, Cat = catalase, Gel = gelatinase, Sor = sorbitol'fermentation, B-Haem = b-haemolysis, LMA = litmus milk agar test, Dap = diaminopimelic 
acid, Gal = galactose, Glu = glucose, Man = man nose, LL = LL-diaminopimelic acid, m = meso-diaminopimelic acid, V = variable. 
Source: Johnson et al (35), Pulverer et al (37), Fergusin et al (38). 
olyticus can be recovered in significant numbers on approximately 
20% of subjects. The Pepto saccharolyticus strains are capable of 
scanty aerobic growth, nonhemolytic, usually catalase positive, 
and ferment glucose, fructose, and glycerol, but not maltose. The 
strains tested were coagulase negative and lysostaphin positive. 
The exact ecologic niche of this organism remains to be deter­
mined. 
POPULATION DYNAMICS AND ECOLOGY 
Different regions of the skin surface have been shown to have 
reproducible, stable, and distinct bacterial populations. Both the 
density of colonization and the constituent species of a site can 
be interpreted to identify unique cutaneous environments. Ex­
amples of such environments include the sebaceous regions, pre­
dominantly inhabited by P acnes and Pit ovale, and the wetlands 
of the axillae and groin, which harbor large numbers of lipophilic 
diphtheroids and micrococci, and lower numbers of transient 
gram-negative bacteria. 
Three major determinants of cutaneous habitats have been iden­
tified: ability to maintain a reduced environment, availability of 
moisture, and the presence of sebaceous lipid. The effects of these 
factors are clearly reflected in the microbial populations of dry, 
oily, and wet regions (Tables IV, V, and VI, respectively). 
Oily regions, such as the head, upper back, and trunk are 
sebaceous gland-rich areas. Sebaceous follicles can supply two 
important needs of the resident bacteria, a lipid growth substrate 
and a protected niche that can maintain an anaerobic environment. 
The dominant bacteria in these regions are the Propionibacteria: P 
acnes and, to a lesser extent, P granulosum [49]. These microaero­
philic organisms live in the depths of the sebaceous follicle, 
where a reduced environment is maintained presumably through 
bacterial metabolism. The primary growth substrate is almost 
certainly sebaceous triglycerides. P aC/les population densities are 
proportional to the amount of secreted sebum, and the amount 
of free fatty acids in skin surface lipid, and are inversely propor­
tional to the level of free glycerol in sebum [50,51]. 
Although closely related to P acnes, P avidum has a distinct 
preference for moist areas. It may be isolated in greatest numbers 
from the anterior nares, perineum, and axilla [49,52]. P avidum 
is lipolytic, but also has much greater proteolytic activity than P 
Table IV. Microbial Flora of Dry Regions 
Upper extremeties Lower extremeties 
Sample number 49 38 
Density" 1. 7 x UP 4.4 x 103 
Composition (%) 
Cocci 93.1 87.8 
Lipophilic diphtheroids 3.9 5.0 
Large-colony diphtheroids 0 7.1 
Propionibacteria 3.0 0.01 
aGeometric mean/cm2. 
acnes and P granulosum and may thus readily metabolize nonlipid 
cutaneous substrates, possibly accounting for its presence in the 
axilla, anterior nares, and perineum. It also parallels the cutaneous 
distribution of gram-negative enterics, which may suggest an 
intestinal reservoir for the organism. 
The other major inhabitant of sebaceous regions is the yeast 
Pit ovale. Pit ovale is the most numerous on the scalp [53] and, 
like P acnes, it is believed to derive substrates through lipolytic 
cleavage of sebaceous triglycerides. 
In nonsebaceous regions, the major environmental factor ap­
pears to be the availability of water. Areas that are rich in sweat 
glands and restricted in air flow, such as the intertriginous regions, 
are oases on the otherwise arid skin surface. They support large 
populations of the "hydrophilic" skin bacteria, including aerobic 
diphtheroids and micrococci, some gram negatives, and P avidum. 
The importance of water can be experimentally demonstrated by 
artificially hydrating a naturally dry region, such as the forearm. 
Within 24 h the normal population expands from 10:' to 106 or­
ganisms/cm2 and exhibits a large increase in the proportion of 
staphylococci and a concomitant decrease in the proportion of the 
normally numerous micrococci. Extended hydration (7 days) re­
sults in a tripling of the 24-h bacterial density, a predominance 
of lipophilic diphtheroids, and significant levels of gram negatives 
and "large colony" diphtheroids [54]. This population now closely 
resembles that found on the foot, an area that becomes hydrated 
when occlusive shoes are worn. 
The relative potency of sebum and water availability as ecologic 
determinants has been addressed in a study of the effect of oc­
clusion on scalp flora. As previously discussed, when nonseba­
ceous regions are occluded, there is a great increase in bacterial 
numbers and a change in the character of the resident organisms. 
This does not occur after occlusion-hydration of the scalp [53], 
suggesting that a flora adjusted to growth in sebum, or products 
of the sebaceous flora prevent colonization by hydrophilic species. 
Table V. Microbial Flora of the Oily Regions 
Sample 
Density' 
Composition (%) 
Cocci 
Lipophilic 
diphtheroids 
Large-colony 
diphtheroids 
Gram-negative rods 
Propionibacteria 
Pityrospora 
'Geometric mean/cm2 (x 1()6). 
Scalp 
Nondandruff Dandruff 
112 126 
1.0 1.2 
23.1 18.8 
2.3 0.9 
0 0.1 
0.002 0.001 
27.5 6.1 
46.7 73.9 
Source: McGinley et al [48,49]. 
Normal 
forehead 
76 
4.4 
7.2 
0.02 
0 
0 
83.5 
9.2 
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Table VI. Microbial Flora of the Wet Regions of the Skin 
Axilla Foot Interspace 
Normal Dermatophytosis Dermatophytosis Nonapocrine 
Odor 
Apocrine 
Odor Perineum Normal Simplex Complex 
16 27 30 48 39 101 /I 
Density" 
Coccib 
4.8 x 1(}l 
86.6 
10.9 
0.3 
1.1 
1.1 
1.3 x 106 
25.7 
54. 7 
16.9 
4.3 x 107 1.4 X 107 2.9 X 107 1.1 X 108 
Lipophilic diphtheroids 
Large colony diphtheroids 
Gram-negative rods 
Propionibacteria 
Candida subspecies 
Dermatophytes' 
Source: Leyden et al [69]. Leyden et al [83]. 
o 
o 
"Geometric mean colony-forming units per square centimeter. 
'Percent composition of sample. 
'Prevalence. 
0.3 
2.4 
o 
o 
A recently recognized phenomenon is the change in bacterial 
popUlations with age. A significant production of sebum begins 
at puberty, peaks in early adulthood, and declines in old age. A 
similar pattern of age-related carriage in P acnes populations has 
been reported on the face [55]. 
The normal flora itself also is a major force in determining the 
nature of the microenvironment. Fatty acids cleaved from seba­
ceous triglycerides has been shown to be inhibitory to strains of 
Streptococcus pyogenes, and presumably afford a measure of pro­
tection to the host [56]. 
Another way in which skin bacteria may influence the com­
position of the skin flora is through the production of antibiotics 
or bacteriocins. Selwyn and Ellis detected bacteria that produce 
inhibitory compounds on 20% of normal adults [57]. Later work 
has revealed a strain of S epidermidis that produces a factor that 
kills strains of Micrococcus, C diphtheriae, and Streptococcus pyogenes 
[58]. 
Although the in vivo significance of these phenomena has not 
been established, there are suggestive findings. The demonstra­
tion that eradication of the normal flora greatly enhanced the 
survival of a S aureus inoculation and the subsequent development 
of infection suggests that the resident flora acts as a line of defense 
against infection [59]. This phenomenon may be operative in the 
staphylococcal colonization of neonates. The newborn's skin is 
virtually sterile at birth and a normal flora is not established for 
several days. It is during this period that the highest incidences 
of staphylococcal infections has been reported [60]. 
Bibel et al [61] inoculated a bacitracin-producing strain of Ba­
cillus licheniJormis to human skin. A shift to bacitracin resistance 
in the normal flora was demonstrated, suggesting a role for an­
tibiotic production in the maintenance of the normal flora. 
The resident flora does not appear to provide protection against 
infection by Candida albicans, Strep pyogenes, or Pseudomonas aeru­
giltosa. In the case of Candida albicans, moisture appears to be the 
critical factor for survival [62,63]. Invasion of the skin occurs as 
the filamentous phase develops [64]. Subsequently, the alternative 
pathway of complement is activated, polymorphonuclear leu­
kocytes are recruited, with the result being inflammation and 
pustule formation [65]. The stratum corneum provides the first 
line of defense, which can be surmounted by proliferation of 
Candida subspecies and filament development. In the case of Strep 
pyogenes, survival and growth on intact human skin is brief, and 
infection does not occur in the absence of a break in the stratum 
corneum [66]. Pseudomonas aeruginosa will survive on intact human 
skin provided sufficient moisture is present, but infection does 
not occur in the absence of damage to the stratum corneum, again 
demonstrating the significance of the stratum corneum in the 
prevention of cutaneous infection [67]. 
Another area in which the resident rnicroflora has been shown 
to be of importance is in the production of body odor. Axillary 
14.2 22.7 12.9 10.0 
58.0 75.1 78.1 31. 4 
26.4 2.1 8.8 56.5 
7.7 0.05 0.06 2.04 
0 0 0 0 
0.06 0.02 0.02 0.04 
0 0 84.6 46.0 
odor has received the most intensive study where the interaction 
of resident surface bacteria and sterile odorless apocrine sweat 
produce the characteristic malodor of the human axilla [68]. The 
bacteria that produce this odor are aerobic diphtheroids [69]. 
RESIDENT FLORA AS PATHOGENS 
Micrococcaceae S aureus is the most prominent member of the 
Micrococcaceae with a recognized potential for pathogenicity. S 
au reus has been reported as the etiologic agent in suppurative 
conditions such as impetigo, boils, and wound infections [4]. 
Distinguishing between colonization and infection is of great im­
portance, as nasal carriage rates vary from less than 10% to more 
than 40% in the normal popUlation outside hospitals [70,71]. 
Colony counts of S aureus less than 106 organisms/cm2 are con­
sidered to represent colonization without infection. The degree 
of colonization correlates well with the severity of exudation of 
the dermatitis. S aureus is nearly always present in atopic der­
matitis, numular eczema, and neurodermatitis. Only some 20% 
of patients with seborrheic dermatitis are colonized by S aureus, 
and in psoriasis the organism is present in low numbers in some 
50% of cases. Exfoliation of squames that are carrying a high S 
au reus population may pose a serious threat to hospitalized patients 
[71]. 
Excellent reviews have been published on scalded skin syn­
drome [72-74]; however, caution should be exercised in attrib­
uting all of these to staphylococcal etiology. Intravenous, intra­
peritoneal, or subcutaneous doses of toxin in adult hairless mice 
has been shown to induce splitting of the skin. The toxin has 
been demonstrated in the blister fluid of children with bullous 
impetigo [75]. 
There is no evidence to clearly define any pathogenic role for 
other members of the Micrococcaceae in cutaneous infections. 
There are, however, three situations in which a pathogenic role 
can be clearly defined for coagulase-negative cocci: bloodstream 
and urinary tract infections, and infection of surgical prostheses 
[76-78]. The ability of some of the coagulase-negative cocci to 
produce a mucoid substance that enables them to adhere to glass, 
metal surfaces, and catheters may be an important factor deter­
mining whether these normally nonpathogenic organisms can 
cause infection. 
Aerobic Diphtheroids Aerobic diphtheroid bacteria have been 
isolated from a variety of skin infections such as erythrasma, 
pitted keratolysis, and trichomycosis axillaris. 
Erythrasma is a superficial infection with scaling, and is com­
monly seen in toeweb spaces and other intertriginous areas. Coral 
red fluorescence is seen under Wood's light, and is due to the 
presence of porphyrins produced by skin bacteria. This infection 
is viewed as being caused by a specific organism, C minutissimum 
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[79], although several species of fluoresence-producing diphthe­
roids and nonfluorescent diphtheroids may be involved [80]. 
Aerobic diphtheroids have also been implicated as the causative 
agent of pitted keratolysis; a superficial infection of the stratum 
corneum usually limited to the soles and only occasionally seen 
on the palms. A characteristic erosion of the stratum corneum 
leads to the production of typical pits. A diphtheroid organism 
has reportedly been isolated from this condition and has been 
used to reproduce the pitting in healthy volunteers [81]. Identi­
fication of the organism as a member of the genus Corynebacterium 
was based on morphologic criteria and a G + C% of 59.4%. 
However, it is important to recognize that DNA base ratios for 
the coryneform group of bacteria are considered to be of limited 
taxonomic value in the absence of other confirming taxonomic 
characteristics, as a wide range of G + C% values occur in this 
group of bacteria [82]. Therefore, it can be concluded that, at the 
present time, there is not enough evidence to implicate any one 
particular organism as the etiologic agent of pitted keratolysis. 
Aerobic diphtheroids also appear to play an important, al­
though secondary role in interdigital athlete's foot [83]. Prolonged 
hydration favors a great increase in large-colony diphtheroids, 
and products of these organisms diffuse through the weakened 
barrier of the stratum corneum and cause the symptomatic dis­
ease. 
Overgrowth of a variety of diphtheroids in trichomycosis ax­
illaris characteristically produces waxy growths of varying color 
on hair shafts. in the axilla and less commonly on pubic and beard 
hair. These organisms produce keratinolytic enzymes and invade 
the hair shaft cuticle [84,85]. 
It is not clear whether these aerobic diphtheroids are species of 
organisms that are normally found on human skin and are acting 
in a pathogenic fashion, or whether they are nonresident orga­
nisms that are inherently pathogenic and have colonized the skin 
surface. Until relatively recently, the isolation of nondiphtheria 
coryneforms from hospitalized patients was usually viewed as 
nonsignificant contamination. Subsequently, however, several re­
ports have documented the emergence of multiple antibiotic re­
sistant coryneform bacteria (group JK) as a cause of nocosomial 
infection, including at least one epidemic, and have involved pa­
tients clearly at risk for infection due to immunosuppressive ther­
apy or neutropenia [86,87]. Interestingly, the pathogenic group 
JK coryneforms that are resistant to multiple antibiotics, and the 
antibiotic-sensitive cutaneous lipophilic diphtheroids share a strict 
nutritional requirement for lipid and a similar cell wall fatty acid, 
mycolic acid, and sugar composition [88]. Furthermore, a sig­
nificant correlation exists between the proportion of the anti­
biotic-resistant group JK and antibiotic-susceptible lipophilic 
diphtheroids. As the relative density of group JK coryneforms 
increases, the density of the lipophilic diphtheroids decreases [89] 
(Table VII). Therefore it appears that the group JK coryneform 
bacteria are lipophilic diphtheroids that have acquired multiple 
resistance to antibiotics. 
Table Vll. Prevalence of Antibiotic-sensitive Lipophilic 
Diphtheroids and Antibiotic-resistant Group JK Coryneforms 
in Hospitalized and Nonhospitalized Populations 
Site (percent prevalence) 
Nose Axilla Perineum Toeweb 
Hospitalized patients (n = 43) 
JK 65.1 48.8 69.8 67.4 
LO 34.9 55.8 65.1 72.1 
Healthy adults (n = 80) 
JK 0 0 15.0 6.3 
LO 90.0 70.0 98.7 93.8 
Source: Larson et al [89]. 
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Anaerobic diphtheroids There is substantial evidence that the 
anaerobic diphtheroid P ames plays an important role in the path­
ogenesis of inflammation in acne vulgaris. The evidence includes 
the following: (1) Patients with teenage acne have significantly 
higher densities of P ames recovered from their skin than age­
matched controls [90]. (2) Successful suppression of P ames by 
systemic or topical antibiotics is accompanied by clinical im­
provement [91,92]. (3) P ames elaborates diffusible neutrophil 
chemotactic factors that are predominantly low in molecular mass 
[93,94]. (4) P ames activates both the classical and the alternative 
pathways of complement to produce Cs-derived neutrophil che­
motactic factors [95-97]. Bound C3 has been reported in the tissue 
surrounding inflammatory acne lesions [98]. The alternative path­
way activator has been identified as a cell wall carbohydrate [95]. 
(5) Ingestion of P ames by neutrophils results in the extracellular 
release of lysozomal hydrolases [96]. Similar release of lysosomal 
enzymes has been implicated in the tissue destruction in perio­
donatal disease and rheumatoid arthritis. (6) Intradermal injection 
of P ames is more inflammatory in acne patients than in controls 
[97]. (7) P ames antibody titers parallel the severity of inflam­
mation in acne [97] and, in vitro, modulate the magnitude of 
complement activation [95,99]. In addition to its role in acne, P 
ames is also a frequent opportunistic pathogen, and is isolated 
from wound infection, osteomyelitis, and endocarditis [100-103]. 
Several reports of meningitis exist, and botryomycosis due to P 
ames has recently been reported. Perhaps the most significant 
infectious role of P ames is as a postneurosurgical pathogen 
[104-107]. The proximity of the scalp reservoir of P ames to the 
site of incision doubtless is the source of contamination. The 
inability to sterilize the depths of sebaceous follicles in preoper­
ational preparations also prevents the clearance of P ames from 
the site of incision. 
Pityrosporum The current weight of evidence indicates that 
the increase in Pit ovale on the scalps of those with dandruff is 
secondary to the process and not causative [108]. Pit ovale has an 
invasive phase consisting of short hyphae that invade the skin 
superficially causing tinea versicolor [109]. The cutaneous eco­
logic factors that promote this dimorphism are unknown. The 
recent fmding that cholesterol and cholesterol esters are necessary 
for in vitro development of the filamentous phase may be of 
significance for in vivo events [46]. The pigmentary disturbances 
frequently seen in tinea versicolor (usually hypopigmentation or 
failure to tan) have been shown to be due to tyrosinase inhibition 
and damage to melanocytes by C9 and CI2 dicarboxylic acids 
formed by the oxidation of the double-bond linkages of unsat­
urated fatty acids in skin lipids by a Pityrosporum enzyme system 
[110]. 
Our knowledge of the cutaneous flora, the factors that deter­
mine which organisms will colonize skin, and how pathogenic 
bacteria penetrate host defenses has progressed from Professor 
Kligman's statement "We have come to realize since our last 
review in 1954, how uncertain much of our knowledge is of the 
cutaneous flora. " 
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